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Abstract

Takotsubo (stress) cardiomyopathy (TCM) or transient LV apical ballooning syndrome is recently discovered heart muscle disease characterized by transient
LV dysfunction not explained by coronary artery disease (CAD). Although it has a relatively favorable prognosis, it is an important cause of heart failure. Its
pathophysiologic mechanisms remain poorly understood, and its diagnosis and clinical management lacks standardized guidelines. The aim of the current review is
to combine research findings and advance clinical knowledge and understanding on Takotsubo cardiomyopathy including its diagnosis and clinical management.

Introduction

Takotsubo cardiomyopathy is a recently described cardiac condition
with areversible form ofleft ventricular contractile dysfunction (akinesia
or hypokinesia). However, a precise understanding of its demographics,
clinical features, etiology, prognosis and clinical management remains
tenuous. This paper presents a systematic review of published literature
on Takotsubo cardiomyopathy with an emphasis on its clinical
description, epidemiology, risk factors, clinical presentation, prognosis,
pathophysiology, diagnosis and clinical management. The objective is
to expand the current knowledge and understanding of research status
of Takotsubo cardiomyopathy and relevance to diagnosis and clinical
management.

Clinical description
Historical context

The seminal mention of Takotsubo cardiomyopathy (TCM) in
medical literature was made in Japan by Iga, et al. [1] in 1989, who
reported a clinical case of a cardiac syndrome with a Takotsubo-
like appearance characterized by a reversible form of left ventricular
(LV) dysfunction associated with Pheochromocytoma. However, the
study did not refer to the reversible cardiac condition as “Takotsubo”
cardiomyopathy but concluded that high circulating catecholamine
could have a damaging effect on the myocardium. A year later in
1990, Sato, et al. [2] described this reversible form of cardiomyopathy
as Takotsubo-like LV dysfunction. However, studies outside of Japan
variously referred to this reversible myocardial condition as transient
apical ballooning syndrome [3], stress cardiomyopathy [4] or ampulla
cardiomyopathy [5]. Since 1991, several case reports and small series
have described affected patients in Japan [5-8] and in Caucasian
populations in Europe and North America [9].

Clinical definition

Takotsubo cardiomyopathy - also known as transient LV apical
ballooning syndrome in relation to balloon-like abnormalities involving
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the LV apex — has been defined as a cardiac syndrome characterized
by transient or reversible LV dysfunction with electrocardiographic
(ECG) abnormalities mimicking acute myocardial infarction (MI)
and with minimal release of myocardial enzymes in the absence of
demonstrable obstructive coronary artery disease (CAD) [6]. The
principal characteristic of TCM is LV dysfunction taking the shape
of Takotsubo, a medieval Japanese pot that has a round bottom and
narrow neck used for trapping octopuses (Figure 1).

In TCM, dysfunction is shaped like Takotsubo pot. The left-most
(end-diastolic phase) and middle (end-systolic phase) images show left
ventriculogram in the right anterior oblique projection. The extensive
apical area reveals akinesia and the basal segment hypercontraction
imminent in the end-diastolic phase. The right-most image shows the
Japanese Takotsubo port with a round bottom and narrow neck, which
resembles the shape of LV dysfunction in Takotsubo cardiomyopathy [10].

Types of TCM

Four types pf TCM can be revealed using LV angiograms obtained
in the right anterior oblique view (30 degrees) during diastole and
systole [11] (Figure 2). Templin, et al. [11] assessed clinical features
of 1,750 TCM patients and identified four types of TCM based on
the location of LV wall motion abnormalities. The four types are
apical, mid-ventricular, basal and focal TCM. Apical TCM is the most
common, found in 81.7% of the total patients (Panel A and B) followed
by mid-ventricular in 14.6% of the patients (Panel C and D). Basal and
focal types are the least common found in 2.2% (Panel E and F) and
1.5% (Panel G and H) of the total TCM patients respectively.
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Figure 1. Takotsubo Cardiomyopathy and Takotsubo Port [10].

Left Ventriculogram at end-diastole phase (lef panel) end-systolic phase (middle panel) in
anterior oblique projection. Area around the apex reveals akinesia and basal segments reveal
hypercontraction at end-diastolic phase. Right panel is a picture of Japanese Takotsubo with
a round bottom and narrow neck
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Figure 2. Types of Takotsubo Cardiomyopathy [11].

LV angiograms obtained at right anterior oblique view during diastole (left panel) and
systole (middle panel). The right panel shows wall motion abnormalities: red indicates
diastole; white indicates systole; and dashed line indicates the location of wall motion
abnormalities. The four types of Takotsubo cardiomyopathy based on their location are
apical (Panel A and B), mid-ventricular (Panel C and D); basal (Panel E and F) and focal
(Panel G and H).

Epidemiology

Takotsubo cardiomyopathy is a recently identified form of
cardiomyopathy lacking large-scale epidemiological studies. However,
a rapid increase in published case reports and series between 1989 and
2007 analyzed in a systematic review of Takotsubo literature in SCOPUS
and MEDLINE databases provide important insights into its prevalence
in defined populations [12]. Although Gianni, et al. [13] systematic
analysis of TCM literature reports that TCM may account for between
1% and 2% of suspected cases of acute myocardial infarction (AMI), the
true prevalence is not fully understood [13].
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Four early small case series [3,14-16] in the U.S. and Japan assessed
the prevalence of TCM among consecutive patients presenting with
suspected acute coronary syndrome (ACS). Bybee, et al. 3] investigation
of TCM in the U.S. between 2002 and 2003 report it accounted for
about 2.2% of ST-segment elevation acute coronary syndrome (ACS).
Three Japanese case series on TCM [14-16] report the prevalence of
TCM at 1.7% [14], 2.2% [15] and 2.0% of the cases presenting with
a sudden onset of heart failure (HF) and abnormal Q-waves or ST-T
changes suggesting acute myocardial infarction. [16].

Risk factors

Research on risk factors for TCM is still evolving. However,
comparing demographic and co-morbid predictors of TCM with
that of MI on 24,701 patients between 2008 and 2009, El-Sayed and
associates [17] observed the female gender is an important risk factor
for developing TCM affecting 89.0% of women compared to 38.9%
of women with myocardial infarction. Akashi, et al. [10] added that
TCM occurs predominantly in post-menopausal women following
exposure to sudden and unexpected physical and/or emotional stress.
Incidents of TCM increased significantly in elderly women residing
near the epicenter of Niigata earthquake, a source of acute emotional
and physical stress [18]. White race residing in wealthier neighborhood
also have higher incidents of TCM compared to MI patients. TCM
patients are also more likely to have a history of cerebrovascular
accidents, substance abuse, anxiety disorders, chronic liver disease and
sepsis [10]. However, it is Komamura, ef al. [19] in a review of literature
on TCM who categorized the main risk factors for developing TCM
into three, namely (a) lack of estrogen; (b), acute emotional or physical
stress; and (c) genetic factors.

Lack of estrogen

Accumulating research evidence is demonstrating that the lack of
estrogen is an important risk factor for developing TCM. In particular,
postmenopausal women who generally have reduced estrogen levels
account for more than 90% of TCM patients [19]. Kuo, et al. [20]
reported hormone replacement therapy had a beneficial protective effect
against the development of TCM. In the study, none of the 31 women
diagnosed with TCM had received estrogen replacement therapy
compared to those without TCM who had received the therapy. Further,
Ueyama, et al. [21] observed ovariectomized rats subjected to restraint
stress had a greater decrease in LV function compared to rats receiving
estradiol (hormone) supplementation therapy. The study explained that
myocytes express estrogen receptors alpha and beta. Migliore, et al. [22]
added that estrogen increases the transcription of cardio-protective
factors such as heat-shock protein and atrial natriuretic peptide, which
protects against cardiotoxicity that may result from catecholamine
toxicity, calcium overload and reduced oxidative stress.

Emotional/Physical Stress

Emotional or physical stress is another key risk factor for developing
TCM, such that, some studies have used the term stress cardiomyopathy
instead of TCM [19]. Supporting evidence demonstrates that incidents
of TCM are higher in the aftermath of a devastating natural disaster
such as in the widely mentioned case of Japan after the Niigata
earthquake. The association of natural disasters to the development
of TCM have been linked to the implication of natural disasters as a
key source of acute emotional and physical stress [18]. There are also
supporting reports of a high prevalence of mood disorders and use of
antidepressants among TCM patients [23]. Patients with depressive
disorders experiencing stressful events have decreased vagus nerve
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tension and increased response to adrenal medullary hormones
thought to contribute to the development of TCM [24]. Finally, some
TCM patients with depressive disorders may exhibit elevated levels of
noradrenaline extravasation [25].

Genetic factors

The relationship between genetic factors and TCM is still evolving.
Zaroff, et al. [26] associated certain polymorphisms of alpha- and beta-
adrenergic receptors with hibernating myocardium, which occurs as a
symptom of subarachnoid bleeding and has physiopathology similar
to that of TCM. Whereas specific adrenergic receptor polymorphism
in TCM patients are yet to be identified, TCM patients were observed
to have a higher frequency of L41Q polymorphism of G-protein
coupled receptor kinase (GRK5) compared to control group [27].
Further, L41Q polymorphism GRK5 responds to catecholamine
stimulation and weakens the response of beta-adrenoreceptors, which
may lead to balloon dilation of LV due to negative inotropic effect
or beta-adrenoreceptors decoupling [27]. These reports suggest that
genetic factors may play a partial role in increasing susceptibility to
TCM in some patients. However, additional studies are warranted to
demonstrate the role of genetic factors in the pathophysiology of TCM.

Clinical presentation

Several prospective and retrospective case series [3,4,7,12,18,28-
31] (Table 1) have reported the most frequently encountered clinical
and laboratory features of TCM. There is a consensus among the nine
summarized case series demonstrating a clear gender discrepancy, with
the female gender having a disproportionately high percentage, ranging
between 80% [29] and 100% [3] of the total reported cases. In all the
reported cases, exposure to unexpected emotional or physical stress
such as death in the family or abuse precedes the onset of TCM. The
most frequently cited clinical symptoms of TCM on admission are chest
pain and dyspnea, which mimics that of acute myocardial infarction
(AMI) [18,28-30].

The most commonly cited electrocardiography (ECG) findings on
admission are ST-segment elevation in precordial leads, subsequent
T-wave inversion and pathological Q-wave formation. However,

Table 1. Case Series on Clinical and Laboratory Features of Takotsubo Cardiomyopathy

Feature /Study Description Bii)e[e;,]et Shzzk[?]]’ e Kl::s[l;i e

Sample size 16 22 30
Country U.S. uU.S. Japan
Mean Age 71 65 70
Female (%) 100 91 93
Preceding stressor (%) 44 14 17
Chest pain (%) 69 91 67
ST-segment elevation (%) 81 59 100
Q-waves (%) 31 45 NS
Baseline mean LVEF (%) 40 29 49
Follow-up LVEF (%) 60 63 69
LV reversal period (days) 8 24 11
Pulmonary edema (%) 44 0 3
Intra-aortic balloon pump (%) 6 18 0
Coronary stenosis >50% (%) 0 0 0
Normal coronary arteries by angiography (%) 25 100 83
Spontaneous multi-vessel spasm 0 NS 10
Provocative multi-vessel spasm (%) NS 43 43
In-hospital mortality (%) 0 0 0
Recurrence (%) 6 9 0

NS: Not Stated
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they are inadequate for a confirmatory diagnosis because of inability
to distinguish between TCM and acute myocardial infarction [3].
Furthermore, most cases of TCM do not have significant coronary
stenosis but have higher levels of serum catecholamine and plasma brain
natriuretic peptide (BNP) whose secretion mimics that of myocardial
infarction [32]. Other important clinical features but uncommon include
a slight increase in cardiac enzyme creatinine kinase and troponin, and
basal hyperkinesia [33]. Case series [3,4,7,12,28-31] on clinical and
laboratory features report the most commonly occurign features are
preceding stress, chest pain, ST-segment elevation, Q-waves, LVEE, LV
reversal, pulmonary edema, provocative multivessle spasm (Table 1).

Prognosis

Although TCM has a generally favorable prognosis compared to
other forms of cardiomyopathy, there have been some reported cases
of fatal complications, most importantly, LV free wall rapture [34].
The most devastating and common clinical complication of TCM
is heart failure in the presence or absence of pulmonary edema but
current published hospital mortality data seems to under-represent
the occurrence of TCM-associated heart failure. Templin et al. [11]
reports death rate from any cause and major advance cardiac events
at 5.6% and 9.9% respectively per patient-year. Hemodynamics of
the acute phase of TCM has usually been associated with that of New
York Heart Association (NYHA) Class III heart failure but has not
received sufficient research attention to demonstrate the association
[28]. Takotsubo cardiomyopathy also has very low reported rates of
recurrence >10% (Table 1). However, specific understanding of the
pathophysiologic mechanisms underlying the recurrence of TCM
remains incompletely understood [10].

Pathophysiology

The exact pathophysiology of TCM remains vaguely understood.
However, a majority of patients undergoing myocardial biopsy share
several similar clinical findings including (a) interstitial infiltrates
made up of lymphocytes, leukocytes and macrophages; (b) myocardial
fibrosis; and (c) contraction bands in the presence or absence of overt
myocyte necrosis [10]. These inflammatory changes and contraction

Kurowski, et| Sato, et al. | Akashi, et al.| Yoshida, er | Wittstein, ez | Tsuchihashi,
al. [12] [18] 28] al. [29] al. [30] etal. [31]
35 16 13 15 19 88
Germany Japan Japan Japan us Japan

72 71 73 72 61 67
94 94 85 80 95 86
42 100 69 40 NS 43
NS 100 54 87 95 67
69 56 92 87 11 90
NS NS NS 7 37 27
50 49 42 43 20 41
68 66 65 76 60 64
NS 18 17 11 21 NS
NS 6 0 NS 16 22
NS 0 15 7 16

0 0 0 NS 5

0 100 100 100 95 NS
0 0 0 0 0 0

0 0 0 17 NS 10
9 0 8 0 0 1

6 NS 0 NS 0 3
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bands help to differentiate TCM from coagulation necrosis observed in
myocardial infarction (MI) in the setting of coronary artery occlusion.
Several concepts have been advanced to explain the distinctive
contractile pattern observed in a majority of TCM patients. The
common ones are as follows: (a) Multi-vessel epicardial coronary artery
spasm; (b) Coronary microvascular impairment; (c) Catecholamine
cardiotoxicity; and (d) Neurogenic stunned myocardium.

Multi-vessel epicardial coronary artery spasm

Regionally hibernating myocardium in the setting of epicardial
coronary artery spasm and has been proposed as a possible pathological
mechanism of reversible myocardial dysfunction, which is the
distinguishing characteristic of TCM. In the absence of spontaneous
coronary spasm, impaired coronary circulation due to vulnerable plaque
rapture has also been suggested to contribute to the physiopathology
of TCM [2]. However, these suggestions have important limitations
in convincingly explaining the pathophysiology of TCM. Multi-vessel
coronary spasm and hibernating myocardium alone cannot sufficiently
explain the discrepancy observed between severe apical ventricular
dysfunction and slightly elevated concentrations of cardiac enzymes
in some TCM patients. In addition, after the rapture of vulnerable
plaque in a single coronary artery, the area of abnormal LV wall motion
is not expected to extend beyond the circulation area supplied by the
artery. Although ECG findings may also differ between ACS and TCM
patients [35], Bybee, et al. [36] report ECG has insufficient predictive
value to differentiate TCM from ACS patients. Hibernating myocardial
also cannot produce histological changes seen in TCM patients [32].
Finally, inducible or spontaneous coronary artery spasm is absent in
most of the observed clinical cases of TCM [10].

Coronary microcirculatory disturbance

Coronary microcirculatory disturbance has been observed as a
possible pathologic mechanism of TCM. In TCM patients, abnormalities
in LV wall motion occur in alarge region of the apical myocardium. Since
these abnormalities are dynamic, they may result into disturbances in
the microvascular circulation [37]. Disturbance in coronary perfusion
and severe abnormalities in myocardial metabolism in TCM patients
have also been reported based on findings of thallium-201 myocardial
single-photon emission computed tomography (SPECT) [29] and
F-fluorodeoxyglucose myocardial positron emission tomography
(PET) [28]. Elesber, et al. [38] reported microcirculatory impairment
in a significant proportion of TCM patients as well as a correlation
between microcirculatory disturbance and the severity of myocyte
necrosis and ECG abnormalities. These studies suggest coronary
microvascular impairment may contribute or accompany TCM but the
association has not been sufficiently demonstrated as cause and effect.
For instance, microvascular impairment may be due to elevated stress
in the ventricular wall resulting from apical ballooning [10].

Catecholamine toxicity

Catecholamine toxicity of the heart has also been proposed as a
possible pathophysiologic mechanism contributing to the development
of TCM. Wittstein, et al. [30] compared the levels of plasma
catecholamine between 13 TCM patients and seven (7) ACS patients and
reported significantly higher levels of epinephrine and norepinephrine
in TCM patients, suggesting the high levels of catecholamine may
be the principal pathogenic feature for the development of TCM.
However, Akashi, et al. [28] reported increased concentrations of
plasma catecholamine are not uniform in TCM patients. Still, Frustaci,
et al. [39] demonstrated that elevated levels of plasma catecholamine
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in TCM patients with Pheochromocytoma induces TCM. Movahed, et
al. [40] supports the suggestion of catecholamine contributing to the
pathophysiology of TCM by demonstrating myocardial histological
changes have a striking resemblance to those in catecholamine
cardiotoxicity in both animals (dogs) and human studies.

Pathophysiologic changes of TCM can be distinguishable from those
of ischemic cardiac necrosis. These changes include contraction band
necrosis, neutrophil-infiltration and fibrosis. The differential changes
may be due to consequences of elevated intracellular concentration
of calcium ions that may overload myocytes to produce ventricular
dysfunction [40]. Whereas there have been reports of diffuse cardiac
failure producing elevated levels of plasma catecholamine, these levels
are not as high as those found on TCM patients and cannot explain
catecholamine patterns in TCM patients [10]. Further, reports that
plasma epinephrine levels convey a more pathological effect on cardiac
function than norepinephrine suggest epinephrine induced toxicity in
TCM patients. Emotional distress may also induce concomitant cardiac
neuronal and adreno-medullary hormonal stimulation may occur
[10]. Additionally, Lyon, et al. [41] proposed elevated plasma levels of
epinephrine could trigger cardiomyocytes intracellular signaling after
the occupation of beta adreno-receptors from GS protein to GI protein
coupling.

Neurogenic hibernating myocardium

Neurogenic hibernating (or stunned) myocardium and ECG
abnormalities in TCM patients may contribute to the pathophysiology
of TCM evident by the activation of central neurogenic mechanisms
mimicking those evoked by subarachnoid hemorrhage [42]. White, et
al. [43] observed intracranial pathology produces similar myocardial
histological and pathological outcomes observed in TCM patients. Since
basal myocardium has been observed to have higher norepinephrine
concentrations [44] and density of sympathetic nerves than apical
myocardium [45], there are suggestions that sympathetic stimulation
in the heart would not explain apical ballooning in TCM patients [10].
However, higher levels of adrenoreceptors in the LV apex may explain
its pronounced myocardial responsiveness to adrenergic stimulation.
[46]. Further, since cardiac sympathectomy protects against brain-
mediated injury in the heart, hibernating myocardium in TCM patients
suggest neurogenic causes [47].

Animal studies have also indicated reduced inotropic responses to
norepinephrine in the context catecholamine-induced cardiomyopathy
linked with reduced levels of beta-receptors in the myocardium [48].
This finding suggests a combination of myocardial necrosis and reduced
beta-adrenoreceptors responsiveness in the setting of high levels of
catecholamine may contribute to the pathophysiology of TCM. Cardiac
function depends on neuronal uptake to inactivate catecholamine in
extra-cellular fluid [49]. Thus, increased levels of plasma catecholamine
may interfere with the uptake of neuronal and increase deposition
of adrenoreceptors on myocardial cells [50]. These findings support
reports that emotional stress may induce cardiotoxicity due to high
concentrations of circulating catecholamine.

Emotional and physical stress

Figure 3 shows the contribution of emotional stress in the
pathophysiology of TCM.

Exposure to sudden and unexpected emotional stress activates
neuronal cells (estrogen receptors) of the central autonomic
nervous system and subsequent increase in sympathetic neuron and
adrenomedullary hormonal outflows. Then adrenomedulla, and
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Figure 3. Pathophysiology of Emotional Stress in Takotsubo Cardiomyopathy [10].

Possible underlying mechanism for the development of Takotsubo cardiomyopathy based
on adaptive and maladaptive changes following the exposure to intense physical and
emotional stress.

cardiac and extra-cardiac sympathetic nerves releases epinephrine
and norepinephrine reach adrenoreceptors in the blood and heart
causing a rapid increase in systemic blood pressure and subsequently
cardiac overload. High cardiac plasma levels of epinephrine and
norepinephrine, and deposition of adrenoreceptors on cardiomyocytes
induce catecholamine cardiotoxicity. Hypercontraction and functional
obstruction of LV outflow together with elevated BNP levels and high
end-diastolic pressure lead to an increase in mechanical wall stress
in the LV apex [34]. Contraction bands and cardiomyocytes rupture
occur due to a greater apical adrenoreceptors. Impaired coronary
microcirculation and increased oxygen demand in cardiomyocytes alter
the redox state and incudes oxidative stress leading to positive feedback
loops that causes hibernation of apical myocardium. Reduced estrogen
levels in postmenopausal women increases response of neuronal and
cardiac cells and reduces the release of cardiomyocytes substances [10].

Diagnosis

Clinical diagnosis of TCM remains controversial because the
criteria are still being developed and revised. Further, atypical types
of TCM (apical, mid-ventricular, basal and focal types) complicate
confirmatory diagnosis. Such atypical cases often require additional
imaging techniques to visualize and exclude infarct. Localizing the area
of myocardial dysfunction becomes critical to rule out the possibility
of vascular involvement [51]. Moreover, the diagnosis of TCM lacks an
established criterion. Expert consensus nor leading professional heart
and cardiology associations are yet to provide recommendations for
diagnosis. Current diagnostic criteria largely rely on two institutional
research recommendations: (a) by the Mayo Clinic and (b) by the
Research Committee on Idiopathic Cardiomyopathy.

Diagnosis criteria
Mayo clinic

Mayo clinic developed the first diagnostic criteria for apical
ballooning syndrome (or TCM) in 2004 [19] and revised the criterion
in 2014 [52]. The criteria has been widely accepted. Diagnosis is based
on the presence of transient hypokinesia, akinesia, or dyskinesia of
the left ventricular mid-segments with or without apical involvement;
the absence of obstructive coronary disease or angiographic evidence
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of acute plaque rupture; and the absence of pheochromocytoma or
myocarditis (Table 2).

Research committee on idiopathic cardiomyopathy

The Research Committee on Idiopathic Cardiomyopathy developed
the second widely referenced diagnostic criteria for TCM (RCIC: Kwai,
et al. [53]). The RCIC organized a consensus conference to develop their
comprehensive diagnostic criteria for TCM based on mailed survey
responses from 203 institutions between November 1989 and October
2002. The initial guidelines were prepared and evaluated in 2003, and
revised and approved in 2004 [53]. The criteria are based on exlucion of
other lesion and abnormalities due significant organic stenosis or spasm
of coronary artery. Particular attention is acute MI caused by lesion
in the anterior descending branch of left coronary artery perfusing
a larger region up to the ventricular apex; cerebrovascular disease;
pheochromocytoma; and viral or idiopathic myocarditis (Table 3).

The two diagnostic criteria reveal that: (a) TCM patients have non-
specific findings on physical examination; and (b) the clinical course of
TCM mimics that of acute coronary syndrome or acute decompensated
heart failure. However, the most frequently encountered symptoms
of TCM are chest pain and dyspnea, and less frequently, patients may
present with palpitations, syncope nausea, vomiting or cardiogenic
shock [54-56].

Multimodality imaging

Both Mayo clinic and RCIC diagnostic criteria emphasize on the
need for multimodal imaging. Different cardiac imaging modalities
could be used to diagnose TCM and to investigate the underlying
pathological mechanisms. They could also help in the characterization
of TCM-related myocardial dysfunction and the identification of
anatomical variants of TCM [57].

Coronary angiography and ventriculography

Coronary catheterization with ventriculography was the first
imaging technique to identify TCM by revealing the characteristic
apical ballooning (Figure 4).

The role of invasive cardiac assessment is invaluable in the
differential diagnosis of TCM from acute myocardial infarction (AMI).
Coronary angiography remains the mainstay imaging technique to
rule out vascular origins in myocardial dysfunction in the acute stage.
However, although ventriculography identifies apical ballooning and
its variant forms, in the absence of ballooning, the technique provides
non-confirmatory diagnosis [57].

Echocardiography

Echocardiography is an inexpensive and commonly available
imaging technique effective for confirming the diagnosis of TCM.

Table 2. Diagnosis Criteria for TCM by Mayo Clinic [52].

Criteria |Clinical Description

Transient hypokinesia, akinesia, or dyskinesia of the left ventricular mid-
segments with or without apical involvement;

The regional wall motion abnormalities extend beyond a single epicardial
vascular distribution; a stressful trigger is often, but not always present

Absence of obstructive coronary disease or angiographic evidence of acute

1
plaque rupture.

I New electrocardiographic abnormalities (either ST-segment elevation and/or
T-wave inversion) or modest elevation in cardiac troponin
The absence of

v a. Pheochromocytoma

b. Myocarditis
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Table 3. Diagnosis Criteria of Takotsubo Cardiomyopathy by Kwai, et al. [53]

Diagnostic Criteria Clinical Description

I. Clinical Definition

TCM is a cardiac condition disease characterized by acute LV apical ballooning without any demonstrable cause. The LV assumes the shape of “Takotsubo”.
A majority of patients have a complete resolution of apical akinesia within a month. Although contraction impairment occurs mainly on the LV, in some
patients the RV may be involved. Dynamic LV outflow tract obstruction is also observed. Some conditions such as cerebrovascular has an apical ballooning
mimicking TCM but with a determinable cause and diagnosed as cerebrovascular disease with Takotsubo-like myocardial dysfunction.

B. Cerebrovascular disease
C. Pheochromocytoma
D. Viral or idiopathic myocarditis

II. Exclusion Criteria

Pheochromocytoma

The criteria aims to exclude lesions and abnormalities from other cardiac conditions.
A. Significant organic stenosis or spasm of coronary artery. Particular attention is acute MI caused by lesion in the anterior descending branch of left
coronary artery perfusing a larger region up to the ventricular apex.

Coronary angiography is required to exclude coronary artery lesions with Takotsubo-like myocardial dysfunction such as cerebrovascular disease and

Triggers: emotional/physical stress or none

mo0wE

I11. Diagnosis Reference

QRS voltage may be observed.

o™

. Symptoms: Chest pain and dyspnea similar to that of ACS but may also occur without symptoms

Age and gender difference with known tendency to increase with age or the female gender.

. Ventricular structure: apical ballooning and its rapid improvement based on ventriculogram and echocardiogram

Electrocardiogram: ST segment elevation immediately after onset. After that, T-wave becomes progressively more negative in multiple leads and QT
interval prolongs. These changes improve gradually but negative T-wave persists for several months. In acute stage, abnormal Q-waves and changes in

Cardiac biomarkers: modest elevation of serum levels of cardiac enzymes and troponin.
. Myocardial radionuclear study: abnormal findings in myocardial scintigraphy in some patients
. Prognosis: a majority of patients rapidly recovers but some may suffer pulmonary edema and other sequela or death.

Figure 4. Left Ventriculogram Showing Apical Ballooning [58].

Freeze frames from left Ventriculogram revealing normal function at the apical and basal region during end-systole and end-diastole (A) and with akinesia of the mid segments (AB) — a
mid-ventricular ballooning variant. Second Takotsubo cardiomyopathy variant with hyper-dynamic basal contraction (apical ballooning variant) at and-systole (C) and end-diastole (D).

The imaging technique can visualize apical ballooning and basal
hyper-contractility as well as can detect other abnormalities related
with TCM such as LV outflow tract obstruction, mitral regurgitation
or the involvement of the RV wall [58,59]. Further, speckle-tracking
echocardiography is able to reveal significantly impaired LV and apical
function in TCM compared to AMI. This revelation has diagnostic
importance in better differentiating TCM from AMI [60]. However,
echocardiography may not be able to completely visualize the apex and
fully characterize the extent of myocardial ballooning or akinesia [61].

Cardiac magnetic resonance

Cardiac magnetic resonance (CMR) and echocardiography are the
two common imaging techniques used to visualize and characterize LV
dysfunction and rule out AMI in the acute stages of TCM [59,62]. CMR
compliments ventriculography and echocardiography by providing
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more detailed and accurate findings useful for determining the most
appropriate treatment strategies [63]. Beyond the acute stages of TCM,
CMR is useful in confirming diagnosis and detecting the extent of
myocardial dysfunction by revealing tissue scarring [64]. Relative
absence of myocardial scarring imaged using differential perfusion
patterns of late gadolinium enhancement (LGE) supports the diagnosis
of TCM. Furthermore, CMR can facilitate visualization of the full
restoration of LV function in TCM patients by an almost complete
absence of LGE in post-recovery period [65].

Myocardial perfusion imaging

Two techniques of myocardial perfusion imaging (MPI) - SPECT
and PET - are commonly used in the diagnosis of TCM. SPECT uses
radioactive compounds such as Thallium and I-mIBG while PET uses
nitrogen-13-ammonia (NH3) or F-FDGcan for characterizing the

Volume 4(3): 6-13



Albakri A (2018) Takotsubo cardiomyopathy: A review of literature on clinical status and meta-analysis of diagnosis and medical therapy

degree of myocardial damage by assessing for metabolic impairment
[51]. MPI are useful for diagnosis of TCM when other imaging
techniques provide indeterminate findings or in the diagnosis TCM
beyond the acute phase [66]. MPI has specific benefits over traditional
imaging methods because it can make subtle distinction between
ischemic but viable myocardium and irreversibly damaged myocardium
[67] and thus is invaluable in following up patients to support diagnosis
of TCM by providing additional information on myocardial recovery [66].

Meta-analysis on diagnostic methods

Diagnosis of TCM lacks a common well-defined criterion as
well as diagnostic algorithm [51]. This meta-analysis reviews the key
diagnostic and prognostic features of TCM with a focus on patient
characteristics, signs and symptoms, and imaging findings. The aim
is to advance understanding of the key clinical and echocardiographic
features of TCM to improve diagnosis.

Search criteria

The search for studies assessing diagnosis and prognosis of TCM
was made on online databases — PubMed, EMBASE, Ovid MEDLINE,
and Google Scholar. The search terms used a combination of words/
phrases with no language restriction - transient apical ballooning
syndrome, stress cardiomyopathy, Takotsubo cardiomyopathy and
ampulla cardiomyopathy. Additional studies were identified from
screening of bibliographies. There were no restriction on the age of
the patients (studies with adults and/or children were all included).
Studies having only abstracts were included if they provided sufficient
information to enable data extraction. However, seminar papers were
excluded because of a potential for revision (they are not considered
the final paper).

Inclusion criteria

The inclusion criteria for studies was they (a) reported original
data; (b) assessed more than five patients to improve statistical support
for findings; (c) had at least one diagnostic method (ECG or imaging)
conducted on the sampled patients. The studies also included at least
one of the following diagnostic or prognostic outcomes: (a) clinical
presentation; (b) patient history; (c) prognosis; (d) symptoms; (e) ECG
abnormalities; (f) baseline and follow-up LVEF; (g) full recovery; (h)
recovery period; and (i) documented recurrence. Studies with titles or
abstracts believed to satisfy the inclusion criteria were also included
for further review. However, studies including patients with cardiac
conditions mimicking TCM- like LV-dysfunction or with data that is
difficult to extract were excluded.

Data extraction

Each study was screened for the inclusion criteria and relevant data
extracted from all the included studies. Extracted data was summarized
in a Microsoft Excel Spreadsheet in two tables. The first table captured
data on sample, percentage of women, emotional stressors, physiologic
stressors, chest pain, dyspnea, ST-segment elevation, pathological Q
waves and inverter T waves. The second table captured data on baseline
(at presentation) LVEF, follow-up LVEF, and percentage of patients with
angiographic normal coronary artery (CA), heart failure/pulmonary
edema, full recovery, recovery period and confirmed recurrence.

Quality assessment

A modified version of the Oxford Quality Scoring System (Jada
scale) was utilized to assess the quality of included studies. The scoring
system was useful to control bias in three key research areas: study
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design, recruitment/withdrawal of subjects and statistical analysis of
data. Scoring was based on 11 questions. (i) Was the study described
as randomized? (ii) Was there concealment of randomisation? (iii)
Was there a description of withdrawals and dropouts? (iv) Were study
objective defined? (v) Were outcomes measured and define clearly? (vi)
Was there a clear description of inclusion and exclusion criteria? (vii)
Was the patient sample justified? (viii) Was there a clear description of
interventions used? (ix) Was there a control group? (x) Were methods
assessing adverse effects clearly described? (xi) Were statistical methods
clearly described and justified?

Statistical analysis

The primary study outcome was the incident rate of prognostic
and diagnostic features of TCM to determine which features are more
frequent and help to demonstrate TCM diagnosis. Data synthesis
pooled together categorical and continuous data about prognostic
and diagnostic features. Data analysis was descriptive, using mean,
percentage and standard deviation. Weighted mean of prognostic and
diagnostic features were pooled together to compare the most frequent
and important features for TCM diagnosis. Qualitative analysis further
identified and discussed other prognostic and diagnostic features not
included in the statistical analysis but mentioned in individual studies
as important in the diagnosis of TCM. Extracted data included suthor,
sample, sex (women %), emotional stressor, chest pains, dyspnea, ST-
segment elevation, Q-waves and inverter T waves (Table 4) and clinical
outcomes (LEVE heart failure/normal edema, full recovery period and
confirmed recurrence (Table 4 & 5).

Study characteristics

Sixteen prospective studies or retrospective chart reviews that met
the inclusion criteria were included in this meta-analysis [3-5,7-9,14-
16,30,31,35,68-71]. Tables 4 & 5 provide a summary of the main study
characteristics. The study samples ranged from seven (7) to 88 patients.
In total, 300 patients diagnosed with TCM were included in this
meta-analysis. Patient characteristics (Table 4), and echocardiography
abnormalities and prognostic factors (Table 5) were evaluated in all the
appraised studies.

Patient characteristics

The sixteen studies revealed a marked gender discrepancy in the
incident of TCM, with a disproportionately higher percentage of female
involvement. Of the 300 patients included in this meta-analysis, 82%
were females. Patients were generally older, with age ranging from
58 [30] to 76 years [35] (Mean = 68 years). Fifteen studies reported
emotional stress such as unexpected death of a friend or relative,
domestic abuse, medical diagnosis or business losses preceded the
development of TCM in 37% of the patients (range 10% [16] to 100%
[30]). Twelve (12) studies reported preceding physiological stress such
as exhausting work, asthma attack and systemic disorders in 38% of
the patients (range 14% [4] to 70% [15]). The cardinal presenting
symptoms for TCM patients were chest pain and dyspnea. Sixty-eight
percent (68%) of the patients had baseline chest pain, range 20% [16]
to 100% [68,71] while 38%, range 5% [4] to 57% [71] presented with
dyspnea.

Electrocardiography findings

The most commonly reported ECG abnormalities were ST-segment
elevation and T-wave inversion occurring during the acute phase (at
the time of emergency admission) and subacute phase (at 2-14 days
after admission). This is consistent with Mayo Clinic [52] and RCIC

Volume 4(3): 7-13



Albakri A (2018) Takotsubo cardiomyopathy: A review of literature on clinical status and meta-analysis of diagnosis and medical therapy

Table 4. Summary of Patient Demographics, History, Symptoms and ECG Abnormalities.

. . . . ST-Segment .
1st Author [Ref. #] Sample Women (%) = Mean Age Sf::;z:r(l; ) Sl:ilz:;z:o(%;:) Che(sﬂ;)l)’am Dyspnea (%) Ele(\;/ft)ion 5?\21:::?(?’;:) T_:;:s:ze(‘: %)
()
Bybee, et al. [3] 16 69 71 38 44 69 25 81 31 81
Sharkey, et al. [4] 22 91 65 86 14 91 5 59 45 68
Kawai, et al. [5] 9 100 66 22 33 33 53 100 NR NR
Kurisu, et al. [7] 30 93 70 17 17 63 20 100 NR 43
Ito, et al. [8] 7 71 65 57 NR 71 43 100 NR NR
Desmet, et al. [9] 13 92 62 23 46 62 31 62 31 92
Tto, et al. [14] 10 70 63 30 40 80 40 100 NR 100
Matsuoka, et al. [15] 10 90 68 30 70 60 30 100 NR NR
Akashi, ef al. [16] 10 90 73 10 50 20 20 90 100 100
Wittstein, ef al. [30] 19 95 58 100 NR 95 NR 11 38 95
Tsuchihashi, et al. [31] 88 86 67 20 45 67 7 90 27 44
Inoue, et al. [35] 18 61 76 11 39 61 NR NR NR NR
Ibanez, et al. [68] 11 82 72 27 27 100 NR 100 NR 82
Ogura, et al. [69] 13 69 75 NR NR NR NR NR 15 31
Abe, et al. [70]. 17 82 74 18 35 53 29 82 15 31
Sugihara, et al. [71] 7 71 NR 71 NR 100 57 100 NR NR
Total/Average 300 82 68 37 38 68 30 84 38 70
Table 5. Summary of LV Function and Imaging Findings and Prognostication
. Heart Failure/ .
1st Author [Ref. #] Baseline LVEF (%) Follow(-‘;g LVEF Nﬁ:il;gé??% ) Pulmon("};); Edema | Full Recovery (%) Reco;f]e;r;‘};s?;erlod Ref:rl'lrf:::ee?% )
0
Bybee et al. [3] 39 60 25 44 100 8 6
Sharkey et al. [4] 29 63 NR 0 100 24 9
Kawai et al. [5] NR 76 100 NR 100 22 NR
Kurisu et al. [7] 49 69 83 3 100 11 NR
Ito et al. [8] NR NR 100 NR NR NR
Desmet et al. [9] NR NR 38 50 92 27 15
Ito et al. [14] 44 72 NR NR 100 NR NR
Matsuoka et al. [15] 48 72 100 NR 100 16 NR
Akashi et al. [16] 42 64 100 0 100 18 0
Wittstein et al. [30] 20 60 95 16 100 NR 0
Tsuchihashi et al. [31] 41 64 NR 23 97 NR 2.7
Inoue ez al. [35] NR NR NR 5.6 NR NR NR
ITbanez et al. [68] 37 64 100 NR 100 13 NR
Ogura et al. [69] NR NR 100 NR 100 NR NR
Abe et al. [70]. NR NR 100 NR NR 30 1]
Sugihara et al. [71] 44 72 100 NR NR NR NR
Total/Average 39 67 87 16 99 19 5

LVEF: Left Ventricular Ejection Fraction; CA: Coronary Artery

[53] diagnostic criteria, suggesting ST-segment elevation, pathological
Q-wave and T-wave inversion are common ECG abnormalities in TCM
patients. ST-segment elevation was reported in 14 studies totaling 84%
of the patients (range: 11% [30] to 100% [5,7,8,14,15,68,71]. Eight
studies [3,4,9,16,30,31,69,70] reported 84% of TCM patients included
in this meta-analysis presented with pathological Q-waves. Eleven (11)
studies reported inverted T-waves in 70% of the patients with range
31% [69,70] to 100% [14,16].

Catheterization and echocardiography findings

All the 16 studies assessed coronary stenosis using angiography
to determine significant CAD. However, four studies did not report
additional details. In the remaining twelve studies, the majority of
patients (87%) had normal coronary arteries (100%) [5,8,15,16,68-
71] while the remaining four studies reported mean luminal stenosis
of 95% [30], 83% [7], 38% [9], and 25% [3]. Ten studies [3,4,7,14-
16,30,31,68,71] reported baseline LVEF (Mean = 39%; Range = 20%
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[30] to 49% [7]) while 11 studies [3-5,7,14-16,30,31,68,71] reported
follow-up LEVF (Mean = 67%; Range = 60% [3,30] to 76% [5]). The
findings show significant improvement in mean LVEF from 39% at
admission (acute phase) and 67% at follow-up (days to weeks: sub-acute
phase) suggesting the transiency of TCM-associated LV dysfunction as
assessed by either or both echocardiography or ventriculography. Mid-
ventricular and apical wall abnormalities resolved in all the surviving
patients.

Prognosis

The reviewed studies report favorable prognosis of TCM. The most
frequently reported clinical complication by nine (9) studies [3,4,7-
9,16,30,31,35] was heart failure with or without pulmonary edema in
16% of the patients. Twelve studies [3-7,9,14-16,30,31,68,69] reported
full recovery of LV function in 99% of the patients within a mean period
of 19 days, range 8 [3] to 30 days [70]). Only seven studies documented
recurrence of LV dysfunction in 5% (range 2.7% [31] to 15% [9]) of
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the recruited TCM patients. However, the true prevalence of TCM
recurrence is limited since most studies did not evaluate all patients at
follow-up and follow-up time varied significantly among the studies.

Discussion

The lack of large-scale clinical trials or population-based studies
on TCM has continued to undermine a precise understanding of its
pathophysiology, prognosis and diagnosis. However, for the past two
decades, several case series have suggested it is a distinct form of
cardiomyopathy but which has lacked proper clinical recognition as
well as a clear prognostic description and diagnostic guidelines. The
case series have identified several clinical features of TCM useful for
its clinical diagnosis. The present meta-analysis reveals that TCM has
a statistically significant gender bias towards women, who account for
up to 82% of the total TCM patients included in this meta-analysis.
In addition, women diagnosed with TCM were much older, in the age
range of 58 to 76 years [30,35]. These present findings are consistent with
findings of case series reports, which have implicated the female gender
as a significant risk factor for developing TCM [19-21], accounting
for between 80% [29] and 100% [3] of TCM patients. Older women
(in post-menstrual age brackets) have the highest risk of developing
TCM [19,20]. This cohort has reduced levels of estrogen, which is an
important factor for the development of TCM [20]. Estrogen protects
against the development of TCM by playing a role in the inhibition of
cardiotoxicity caused by catecholamine toxicity, calcium overload and
reduced oxidative stress, which collectively are key factors underlying
the development of TCM [22]. Furthermore, estrogen therapy has also
been associated with significant reduction in the incident of TCM in
post-menstrual women [19], demonstrating its cardioprotective effect
against the development of TCM.

This meta-analysis also finds emotional (37%) and physiological
stress (38%) are key factors associated with TCM. Principal sources
of emotional stress are death of a close family member or friend,
medical diagnosis or loss of job while sources of physiological stress
are exhausting work, systemic disorders or exhausting work. These
findings suggests the presence of emotional or physiological stress is
an important supporting diagnostic feature for TCM. The association
between stress and the development of TCM has been reported in several
earlier studies. More specifically, emotional and physiological stress
following devastation by natural disasters have been associated with
significantly increased incidents of TCM [18,19]. According to Akashi
and associates [10], emotional stress stimulates estrogen receptors in
the central nervous system causing an increase in sympathetic neuron
and adrenomedullary secretion of epinephrine and norepinephrine
hormones leading to cardiac overload and catecholamine cardiotoxicity.
Further, depressed estrogen levels reduces cardiac ability to secrete
cardiomyocytes substances that provide cardio-protection against
catecholamine cardiotoxicity [10]. In addition to stress, the most
frequent clinical symptoms are chest pains, present in 68% of TCM
patients [16,68,71] and dyspnea present in 38% of TCM patients [4,71].
The prevalence of chest pains and dyspnea in TCM patients has been
reported in several case series [3,4,7,12,18,31]. These case series report
the incident rate of chest pains ranging between 54% [28] and 100%
[18]. Chest pains in TCM patients mimics that of acute myocardial
infarction, which complicates diagnosis. It is important that TCM
diagnosis should include the exclusion of acute myocardial infarction.

The two most frequent clinical features supporting clinical
diagnosis of TCM in the present meta-analysis are electrocardiographic
(ECG) abnormalities and angiographic defined coronary artery.
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ECG abnormalities — ST-segment elevation and T-wave inversion
were reported in 84% and 74% of TCM patients respectively while
echocardiographic luminal stenosis and LVEF (mean <39%) were the
most common diagnostic clues. Changes in LVEF between baseline
(39%) and follow-up (67%) indicates TCM is a transient myocardial
condition. The importance of ECG abnormalities and angiographic-
defined coronary artery in the diagnosis of TCM have been supported
by the two current proposed diagnostic criteria — by Mayo Clinic and
by RCIC. The two criteria agree that ST-segment elevation, pathological
Q-wave and T-wave inversion are common ECG abnormalities in TCM
patients. The two criteria also recommend the exclusion of obstructive
coronary disease for the diagnosis of TCM. Case series also show that
ST-segment elevation and Q-waves are common in TCM patients
[3,7,28,31]. These case series also report significant improvement in
LVEF function suggesting transiency of TCM.

In summary, the reviewed studies demonstrate that TCM
has a marked gender discrepancy significantly affecting more
postmenopausal women than men. Emotional or physiological stress
emerges as an important preceding factor in the development of TCM
in a majority of patients while chest pain and dyspnea are the most
commonly encountered presenting symptoms. ECG abnormalities
(ST-segment elevation, pathological Q-eaves and inverter T-waves) are
common diagnostic features. Echocardiography or ventriculography
are important diagnostic and prognostic techniques for assessing LV
dysfunction (LVEF) and reveals marked improvement in LV function
between acute and sub-acute phases. Finally, prognosis is favorable with
fewer reported complications (heart failure with or without pulmonary
edema) and full recovery within days to weeks.

Clinical management

Unlike other forms of cardiomyopathies, TCM has no established
treatment guidelines and its management is based on empirical research
findings. Further, the lack of randomized trials or medical guidelines to
establish treatment, the current clinical management lacks fully defined
measures and there is no consensus among experts [72]. However,
clinical management approaches have been divided into two: one for
acute phase and the other for chronic phase of TCM.

Acute phase
Pharmacotherapy

The acute phase of TCM requires standard supportive therapy [72].
Initial clinical management usually targets treating myocardial ischemia
(MI). Standard treatment consists of administration of antiplatelet duo-
therapy: Aspirin, Clopidogrel, heparin, beta-blocker or angiotensin
converting enzyme (ACE)-inhibitor because the acute phase of TCM
is difficult to distinguish definitively from acute coronary syndromes
(ACS). Antiplatelet duo-therapy is usually withdrawn if acute MI has
been excluded but may be maintained if coronary atherosclerosis has
been demonstrated because of increased risk of plaque rapture or
hemorrhaging [73,74]. Although vasoactive drugs or inotropes may
provide pharmacological support, some studies suggest mechanical
circulatory support because of the involvement of catecholamine
[75,76]. Early administration of calcium channel blockers has also been
shown to improve the restoration of LV systolic function but its chronic
use may not achieve the same clinical outcome [77,78]. However, the
administration of calcium channel blockers should be individualized
because of different management plans mostly for patients with
dynamic intraventricular pressure gradients with hypotension in the
setting of depressed LV function [72].
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Intra-aortic balloon pump counterpulsation

Since accumulation of catecholamine is believed to be critical to the
pathogenesis of TCM, intra-aortic balloon counterpulsation (IABC)
may be introduced early instead of the administration of inotropes.
Further, IABC provides life-sustaining mechanical circulatory support
for TCM patients experiencing cardiogenic shock [72]. Alternatives to
IABC include intra-aortic balloon pump (IABP) [76] or extracorporeal
life support [79]. Short-term anticoagulation therapy may be considered
until full restoration of ventricular function. If tolerated, intravenous
heparin may be administered to prevent LV apical thrombosis and
continued with warfarin until full restoration of ventricular function
[73].

Chronic phase
Pharmacologic support

In the chronic phase of TCM, there is complete restoration of
ventricular function and patients have a favorable prognosis. In these
patients, chronic anxiolytic therapy could be considered to protect
against recurrence and to treat physical stressors that could trigger
recurrence [73,74]. ACE-inhibitor or Angiotensin Receptor Blockers
(ARB) may also be used to reduce the risk of recurrence and improve
survival better than the administration of beta-blockers [80,81].
Although pharmacotherapy could reduce the risk of recurrence, there is
no supportive evidence on the use of chronic pharmacotherapy except
in cases of cardiac dysfunction [72]. Further, a meta-analysis study on
chronic pharmacotherapy to prevent TCM recurrence indicates no
clinically beneficial protective effect [82].

Hormonal supplementation therapy

The benefits of estradiol are a still under experiment and evaluation
in the management of chronic phase of TCM. Experimental animal
studies have demonstrated significant reduction of stress-induced
LV dysfunction and arrhythmias suggesting its value in clinical
management of TCM after echocardiography-established complete
recovery of the LV function. Estrogen has also been well demonstrated
to have cardioprotective effect against myocardial damage in the
context of ischemia or reperfusion. However, the pathogenesis of TCM
cannot be explained in the absence of estrogen since men rarely develop
TCM [83,84].

Meta-analysis of TCM clinical management

Clinical management of TCM is not well established. Although
mechanical circulatory support is recommended in the acute phase
of TCM, and hormonal supplementation therapy as a prophylactic
management approach, pharmacotherapy remains the most frequently
used clinical management approach in both acute and chronic phase
of TCM. This meta-analysis aims to investigate the clinical value of
pharmacotherapy in the treatment of TCM.

Search criteria

Studies for inclusion in this meta-analysis were searched on PubMed,
EMBASE, Ovid MEDLINE, and Google Scholar. A combination of wide
search terms were used to find as many as possible published studies on
clinical management of TCM. The search terms were apical ballooning
syndrome, Takotsubo, stress, or ampulla cardiomyopathy. Additional
study titles gleaned from the perusal of reference list and library were
also included for detailed analysis prior to appraisal. Case reports with
one to three patients were excluded because of statistical inadequacy to
support findings beyond the study population. A hierarchical approach
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(title, abstract and manuscript) was utilized to screen all the retrieved
citations for inclusion.

Inclusion criteria

Studies were included if they (a) recorded primary data; (b) assessed
pharmacologic therapy; (c) included at least one of the following
clinical outcomes: (a) recurrent chest pain; (b) re-hospitalization for
cardiac reasons; (¢) TCM recurrence; and (d) in-hospital mortality.
Titles and/or abstract of studies were perused and those suspected to
meet the inclusion criteria were included for detailed analysis. There
was no restriction on publication language or age of the patients.
Studies recruiting either or both pediatric and/or adult patients were
eligible for inclusion.

Statistical analysis

The primary study outcome was clinical indication of disease
progression: symptoms (chest pain) recurrence, disease recurrence,
re-hospitalization and mortality. Data synthesis pooled together
categorical and continuous data about TCM symptoms and recurrence.
Data analysis for categorical data was descriptive, using mean,
percentage and standard deviation. Weighted mean of symptoms
and disease recurrence were pooled together to compare the clinical
efficacy of pharmacotherapy on treatment of TCM. Qualitative analysis
further identified and discussed other TCM management approaches
not included in the quantitative analysis. The extracted data were study
period, sample size, sex, mean, medial follow-up, ruccerenct chest pain,
rehiospitalization and TCM recurrende and mortalit (Table 6)

Study/Patient characteristics

Ten prospective or retrospective studies [58,85-93] examining
pharmacologic support for TCM patients that met the inclusion criteria
were included in this meta-analysis. The study period ranged from 1998
[86,87] to 2010 [87,88,92]. The ten studies included a total sample of
551 TCM patients with a vast majority (96%) begin postmenopausal
women, mean age 69 years ranging from a mean of 64 years [87] to
73 years [89,90]. The main medication used were beta-blockers,
Angiotensin-Converting Enzyme (ACE) inhibitors/ Angiotensin
Receptor Blockers (ARB), aspirin and statins.

Clinical outcomes

Findings from the ten appraised studies indicate chronic
pharmacologic therapy for TCM in a mean follow up period of 3.7
years (range = 2.00 [90] to 8.3 [87] years) has high recurrence of chest
pains reported in 24.7% of the patients (range = 4.7% [89] to 78% [88]).
Re-hospitalization for cardiac reasons was also high affecting 17.9% of
the TCM patients on pharmacologic therapy. TCM recurrence within a
mean period of 3.7 years was reported in 4.3% of the patients suggesting
medication is less efficacious in the prevention of TCM recurrence.
Mortality rate was also high at a mean of 6.2% of the total number of
patients.

Discussion

Although TCM lacks well-established clinical management
guidelines, its treatment has been largely pharmacologic. This meta-
analysis finds the standard medical treatment of TCM includes
antiplatelet duo-therapy of Aspirin and Clopidogrel, and heart failure
medication such as beta-blocker and/or angiotensin converting enzyme
(ACE)-inhibitor/Angiotensin Receptor Blockers (ARB) [73,74]. The
value of pharmacotherapy has been already established. Antiplatelet
duo-therapy is usually recommended if coronary atherosclerosis has
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Table 6. Studies on Pharmacologic Management of TCM

1st Author [Ref. #] Study Period Sample Size Female (%) Mean Age
Opolski, et al. [58] 2005-2010 31 94 67
Tonescu, et al. [85] 2003-2008 27 96 68
Elesber, et al. [86] 1998-2005 100 95 66
Khalighi, et al. [87] 1998-2010 12 100 64
Looi, et al. [88] 2004-2010 100 95 65
Kurisu, et al. [89] 2008* 21 95 73
Parodi, et al. [90] 2003-2008 116 91 73
Samardhi, et al. [91] 2012% 52 98 71
Cacciotti, et al. [92] 2004-2010 75 97 72
Brenner, et al. [93] 2003-2005 17 100 67
Total/Average 551 96 69

*Study period not indicated

been demonstrated alongside TCM. Beta-blockers and ACE-inhibitors/
ARB are recommended to ease TCM symptoms, since distinguishing
TCM from acute myocardial infarction is always challenging.
Pharmacotherapy has also been shown to prevent TCM recurrence and
treat stressors that may trigger recurrence [74]. In addition to heart
failure medication, chronic anxiolytic therapy is recommended to treat
stressors and reduce the likelihood of TCM recurrence. Hormonal
supplementation therapy may prove beneficial in elevating the levels
of estrogen and prevent the development of TCM. However, its use is
still experimental in animal studies, which have demonstrated a cardio-
protective effect against myocardial damage and improvement in LVEF
function [83,84].

Although pharmacotherapy has protective value against TCM
symptoms and recurrence [80,81], the present meta-analysis reveals it is
less efficacious in preventing TCM recurrence in the long-term. About
a quarter of TCM patients (24.7%) had a recurrence of TCM symptoms
(chest pains), re-hospitalization (17.9%) and TCM recurrence (4.3%)
within a mean of 3.7 years. According to Rivera [72], pharmacotherapy
may be effective in the short-term but in the long-term its efficacy is
not clearly known. Currently, there is a lack of studies investigating the
value of chronic pharmacotherapy to TCM patients in the prevention of
symptoms, recurrence, hospitalization or mortality. However, chronic
medication has been shown to be effective in TCM patients with
demonstrable cardiac dysfunction but its effect on protecting against
recurrence or disease progression has limited or no clinical value [82].

In summary, although pharmacotherapy is frequently used in the
management of TCM its clinical efficacy in the long-term suggests it is
less efficacious. Standard medication - beta-blockers, ACE-inhibitors/
ARB, aspirin and statins do not seem to protect against recurrence of
symptoms (chest pain), TCM and re-hospitalization all demonstrate
that pharmacotherapy in the long-term has limited protective effect
against the development or recurrence of TCM. There is need for
additional studies on the value of chronic medication for the prevention
of TCM recurrence or a duo therapy with chronic anxiolytic medication
in the prevention of stressors and subsequent TCM recurrence.

Conclusion

Takotsubo cardiomyopathy (TCM) is a recently described
myocardial condition characterized by transient and easily reversible
contractile dysfunction usually involving the LV apex and mid-
ventricular segments with electrocardiographic (ECG) abnormalities
mimicking acute myocardial infarction (AMI). TCM is clinically
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Re-
e Morat 05
reasons (%)

2.60 6.5 6.5 0.0 32
2.25 7.4 29.6 7.4 14.8
4.70 31.0 12.0 10.0 17.0
8.30 33.0 8.3 0.0 0.0
3.00 78.0 26.0 7.0 4.0
3.00 4.7 NR NR 5.0
2.00 12.0 25.0 1.7 9.0
35 NR NR 0.0 0.0
22 NR NR 1.3 2.6
5.0 NR NR 11.0 NR
3.7 24.7 17.9 4.3 6.2

categorized into apical, mid-ventricular, basal or focal TCM based on
thelocation of the left ventricular wall motion. The cardiac condition has
a clear gender bias with women accounting for over 80% of the patients.
The main risk factors for developing TCM are depressed estrogen
hormonal levels (explaining the high prevalence in postmenstrual
women), exposure to intense emotional or physiologic stress, and
genetic factors. Chest pains and dyspnea are the predominant clinical
symptoms. Prognosis of TCM is favorable because of it is transient and
easily reversible. The main pathophysiologic mechanisms are multi-
vessel epicardial coronary artery spasm, coronary microcirculation
disturbance, catecholamine cardiotoxicity, hibernating myocardium
and exposure to emotional/physiologic stress. While diagnosis is
not well established, Mayo Clinic and the Research Committee on
Idiopathic Cardiomyopathy proposed diagnostic criteria based on ECG
abnormalities (ST-segment elevation, inverted T-waves and pathologic
Q-waves) and angiographic-evidence of coronary artery stenosis.
Clinical management includes pharmacotherapy, anxiolytic therapy,
circulatory support, and hormonal supplementation therapy (although
still under experimentation). Despite pharmacologic support, TCM has
an a high rate of recurrence in the long-term.
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